Meiosis is complex process, which ensures the reduction of chromosomes number and genetic recombination through cytological phenomenon such as homologous chromosome pairing, formation and maintenance of chiasmata, disjunction of bivalents etc. (Kitada et al. 1983 ). The degree of meiotic abnormalities, being a dependable measure for estimating the effect of mutagen in the immediate generation, has been utilized by several workers (Grant and Harney 1960 , Razarietelva et al. 1970 , Kuvcera 1972 , Mashnenkov and Golubouskaya 1980 , Salnikova and Dosmailova 1979 , Verma and Raina 1982 to ascertain the mutagenecity of some chemical mutagens on different crop plants. The present study has been undertaken to assess the effect of NMU and EMS on the meiotic behaviour of CO.2 and Pusa Ruby.
A stock of plants were raised from selfed seeds collected from a single plant of CO.2 and Pusa Ruby-two cultivars of Lycopersicon esculentum Mill. The plants were grown under uniform experimental conditions in the botanical garden of the Bharathidasan University, Tiruchy.
For each concentration, three samples of 100 seeds each were taken, along with the control. The concentrations of EMS and NMU were prepared in sodium phosphate buffer solution pH 7.0. The concentrations of EMS used were 10mM, 20mM, 30mM, 40mM and 50mM., while that of NMU ranged from 1mM to 5mM in 1mM increments. Since the imbibition period was 8 hours, the seeds were soaked in distilled water for 8 hours and in mutagens for 4 hours. The treated seeds were then washed in running water for 30 minutes and were sown in field along with controls.
At the time of blooming, flower buds of appropriate age were collected at random from 10 M, plants per treatment and fixed in Carnoy's fluid (Swaminathan et al. 1954) . Meiosis was studied in squashes of 500 pollen mother cells (PMCs) of each stage. The slides permanet ly fixed using the butyl alcohol schedule of Bhaduri and Ghosh (1954) . Pollen sterility was estimated per 2,000 pollen grains for each plant on the basis of stainability with Alexander's stain (1969) . Five flowers were selected from each plant for estimating pollen fertility. A total of 20,000 pollen grains were scored per treatment.
Results and discussion
In the controls, meiosis at metaphase I was normal with 12 bivalents (Fig. 1) , of which an average 8-10 were ring bivalents and the remainders were rods. At diakinesis, the frequency of chiasmata per bivalent was 1.8 in CO.2 and 1.94 in Pusa Ruby.
Meiosis of plants in the M1 generation was highly irregular (Tables 1, 2) and the abnor malites (Figs. 2-6) observed in both varieties were similar. Hence a common description is given. At metaphase I, chromosomes exhibited stickiness and were clumped into one or more groups.
Level of stickiness was found to increase with concentration of treatment. Univlents, multivalents and and unoriented groups of chromosomes were also observed. In both cultivars, these abnormalities also increased with concentration of mutagens. At metaphase I, the frequency of unoriented chromosomes was considerably higher than at metaphase II. At anaphase I, instead of the expected 12:12 segregation of chromosomes, unequal dis junction of chromosomes was observed. Bridges were noticed in anaphase I and II, sometimes accompanied by lagging chromosomes. The lagging and unoriented chromosomes were mostly univalents; these resulted in formation of micronuclei of different sizes and numbers varying from cell to cell. As a result of these meiotic irregularities the treated plants exhibited a high level of pollen sterility. Pollen sterility (Table 3) was higher in NMU treated material than for EMS treatment. Pusa Ruby showed a greater sensitivity to the NMU and EMS treatments, compared to the CO.2. It has been noted that the fequency of meiotic abnormalities show a linear relationship with concentration of the chemical mutagens (Tyagi and Das 1975 , Mann 1977 , Srivastav and Raino 1981 . However, a non-linear relationship between the dosage of EMS and chromosome aberration rate was noted for some plant species (Auerbach and Kilbey 1971 , Wanjari and Kutarekar 1977 , Therrien and Grant 1984 . In the present investigation, the meiotic abonrmalities recorded, bore a linear relationship with the dose given. The stickiness of chromosomes due to chemical mutagens was recorded by Sato and Gaul (1967) in barley, and Tarar (1780) in Turnera ulmifolia. Darlington and La Cour (1945) observed this feature in irradiated plants of Allium and Trillium and suggested there was a reduction of correctly polymerized nucleic acid on the chromosomes producing characteristic errors of spiralization which combined with superimposed excess of nonpolymerized nucleic acid to cause surface stickiness. Kaufmann et al. emphasized (see Evans 1962 ) that radiation in duced chromosome stickiness was not due to the depolymerized nucleic acid, but due to partial diassociation of nucleo-proteins and alteration in their pattern of organization. In the present investigation the stickiness could be due to disturbances in cytochemically balanced reactions by the effect of alkylating agents (Roa and Lakshmi 1980) . Some of the chromosome pairs exhibited weak synopsis resulting in formation of univalents. The occurrence of high degree of univalents and an increase in frequency of univalents at metaphase I, and their random distribution on spindle, non disjunction and the formation of micronuclei seem to be the outcome of some disturbances during pairing of homologous chro mosomes.
Changhtai and Hasan (1979) recorded multivalents with increasing dosage of mutagens of EMS, MES and MMS in Lens esculenta and suggested translocations may have been pro duced due to terminal affinities of chromosomes. Jain and Raut (1966) working with tomato (Lycopersiocon esculentum) and Sree Ramulu (1973) working with Sorghum, also obtained multivalents by chemical mutagens. Wolff (1960) found that the restitution or rejoining of broken ends involves repair enzymes and series of chemical reactions. Konzak et al. (1961) reported that the chromosome bridges are most likely due to inversions induced by chemicals. The aberrant behaviour of chromosomes which lag in anaphase I may be due to delayed terminalization or stickiness of the ends of the chromosome. Mann (1977) suggested that alkylating agents react with several nucleophilic centres in a cell, with DNA being the primary site of alkylation. The alkylated DNA separates and leaves the DNA depurinated, as resulting in gaps in the DNA molecule. These gaps may initiate some ex change processes at this stage, giving rise to various types of observed aberrations. Katiyar (1978) found that induced pollen sterility was dependent on and invariably higher than the concurrent meiotic abnormalities. In the present investigation, the pollen sterility, which was proportional to concentrations, appears to be the result of cumulative effect of various meiotic abnormalities observed combined with some physiological and genetic damage induced by chromosome breakage.
Summary
The seeds of CO.2 and Pusa Ruby, the cultivars of Lycopersicon esculentum Mill., were treated with N-nitroso-N-methyl urea (NMU) of 1mM, 2mM, 3mM, 4mM and 5mM concentrations and ethyl methane sulfonate (EMS) of 10mM, 20mM, 30mM, 40mM and 50mM concentrations. The cytological effect of mutagens in the immediate generation was studied. A number of meiotic abnormalities were observed. They included stickiness of chromosomes, univalents, multivalents, unoriented chromosomes, bridges, laggards and micro nuclei. The frequency of meiotic abnormalities and pollen sterility demonstrated a linear relationship with concentration of the mutagens. Pollen sterility seemed to be the cumulative result of various abnormal meiotic stages as well as physiological and genetic damage.
